Maximal advantage in two-way communication via maximal violation of an inequality associated with the 'Guess Your Neighbour's Input' game has been theoretically and experimentally established quite recently [1, 2] using a single-photon two-mode entangled state. We argue that such a maximal advantage can be achieved using single-mode non-classicality, embedded in a two-mode entangled state, called the generalized NOON state, irrespective of the average photon number of the state, which in principle can be made to be very small. The same state furnishes violation of Bell-type inequality without using a shared reference frame. It is shown that the usage of generalized NOON states can provide an advantage over the usage of single-photon two-mode entangled state under noisy apparatuses (beam splitters and photo detectors).
I. INTRODUCTION
Communicating messages efficiently is an important task in today's technological world. As communication is a physical process, the fundamental nature of physical theories involved in the communication process dominates the efficiency of communication. The advent of quantum entanglement and nonlocality [3, 4] , as a philosophical inquiry that secerns it from the classical understanding, laid the foundation of quantum communication that provided an enormous advantage in communication over classical theories [5, 6] . At the heart of these advantages lies the non-classical features of QM, predominantly entanglement and non-locality [7, 8] . Many other nonclassical features like no-cloning, non-joint measurability, uncertainty and the non-classical nature of quantum optical states [9, 10] are responsible factors providing the advantage in many information theoretic and computational tasks.
The most dramatic way of departing from the classical understanding is the observation of non-locality in the observed statistics via the violation of Bell type inequalities. Most of the cases, the non-locality is associated with composite systems involving multiple particles. However, in the 90's , Tan et al [11] first investigated the question concerning the non-locality of single particle within the restricted set of assumptions which could rule out certain class of local realistic models. Later, Hardy extended the protocol by Tan and co-authors, using single photon to rule out larger class of local realistic models [12] . Hardy's proposal met with many criticism [13, 14] and counter criticisms [15] . Dunningham and Vedral demonstrated [16] the existence of single photon entanglement even when the given state doesn't violate any Bell-type inequality. The requirement of additional particles for sharing the reference frame could contribute to the violation of Bell type inequality making the nonlocality of single particle debatable [17] . The debate is settled by Brask et al. by showing the violation of Bell's inequality by the single photon entangled state without shared reference frame [18] .
Although, as mentioned above, debates concerning non-locality and entanglement of a single particle still persist, these have provided many important applications in information theoretic tasks against classical one [19, 20] . Recently, by exploiting the superposition of single quantum particle in two spatially separated distant locations, advantage in communication was shown over the classical case in which the protocol is restricted by usage of single particle (single photon) and finite speed of propagation [1, 2] .
The common theme in both scenarios of non-locality and two-way communication is the usage of the single photon entangled state,
where |i A,B denotes the occupation number state of mode A, B, respectively. This prompts us to ask the reason behind the advantage of using single particle in the communication process. This question concerns both fundamental as well as practical importance. From a foundational perspective, we would like to investigate the relation between the optical non-classicality associated with the state and the communication advantage supplied by it. From a practical perspective, it is well known that single photons are difficult to produce. Parametric down conversion (PDC) sources [21] [22] [23] , which are among the most widely used sources of single photons, possess some inherent drawbacks: photon heralding being a statistical process only allows for approximation to a deterministic single-photon source via PDC; multiphoton-pair emission (as opposed to single photons at the idler and the signal) limits the heralding rates and the fidelity of the generated single-photon states etc; the arXiv:1904.04596v1 [quant-ph] 9 Apr 2019 spectral properties of the source may lead to a heralding of single photons in a mixture of frequency modes, thus reducing the purity of the heralded state [24] [25] [26] [27] [28] [29] . The trade off between these drawbacks have been investigated by Christ and Silberhorn [30] .
Here we show that the quantum optical non-classical state of the form
where |ξ is a certain type of quantum optical nonclassical state, furnishes the violation of a Bell type inequality and also shows an advantage in the two way communication task. This is a two-mode entangled state involving a single mode non-classicality. We shall call this state the 'generalized NOON state', drawing inspiration from the NOON states [31] .
Using the spatially separated superposition of even coherent [32, 33] and squeezed state [34] , called the evencoherent NOON state and the squeezed NOON state respectively, we show that these states would supply as much advantage as the spatially superposed single photon state, in the task of two-way communication. In the process, we also show that a similar spatial superposition of a coherent state will not produce any advantage. Here, we make use of a result by Kim et al [35] . The authors of this work established that non-classicality is a prerequisite for entanglement by a loss-less beam splitter. This very property of the beam splitter allows us to put non-classical states other than the single photon state to use in the existing protocol. Thus we can claim that there is an advantage in two-way communication in using the non-classicality of quantum optical states. The result is interesting in the light of recent studies that link the quantum optical non-classicality to quantum computational advantage over classical computation [36] [37] [38] particularly to its advantage in Boson sampling computation [39] .
At this stage, it would also be prudent to make a resource-wise comparison between two-way communication and non-locality, given the difference in these two tasks and their associated polytopic structures.
In Section II the polytopic structure of the aforementioned tasks and the facet inequalities involved are briefly described. This is followed by detailed descriptions of these two tasks and the protocols involved in sections III and IV respectively. Section V describes certain methods to model loss in the devices used in the protocol for twoway communication. In this section the effects of loss on the GYNI inequalities furnished by the single photon entangled state and the generalized NOON state involving an even coherent state are juxtaposed. The final section summarizes our results and is indicative of possible future directions.
II. CLASSICAL BOUND : TWO-WAY COMMUNICATION AND NON-LOCALITY
In this section, we attempt to elucidate the settings in which the tasks of two-way communication as well as exhibition of non-locality are carried out.
First consider the two-way communication task. As a simplest scenario, consider two parties Alice and Bob, separated by a spatial distance d, has to communicate their messages among themselves. The speed of message transmission is restricted as a classical signal can traverse the distance between the two parties only once within the given time window. The communication task is formulated as a game in which a referee provides inputs to the players Alice and Bob, and each player has to predict other parties input via his output process. For simple scenario, imagine both Alice and Bob has a two-inputtwo-output device, and Alice (Bob) inserts her input x(y) and obtains an output a (b for Bob's device). The task of the players is to predict other player's input within the time interval (τ ≤ d c ), taken by a single particle to travel the distance d between the two parties.
Within the classical particle model, Alice (Bob) can encode her (his) message in the particle and send it to Bob (Alice). If Alice's action precedes Bob's, Alice can send (signal) her message to Bob but Bob can't send his message to Alice. This situation is represented in a causal structure as A ≺ B (Alice's actions precedes Bob's) and marginal probability of Alice's outcome is unaffected by Bob's action as
where P (a|x, y) = b P (a, b|x, y) and P (a|x, y ) = b P (a, b|x, y ). Similarly, we can represent a causal structure in which Bob's action precedes Alice's ones, denoted as B ≺ A, and we have P (b|x, y) = P (b|x , y).
Restricting the communication with single particle in a given time window in classical particle model, the correlations either belong to causal order A ≺ B or B ≺ A or any convex combination of these two. The only constraints on all the probabilities P (a, b|x, y) is to be a valid probability measures, so each probability has to satisfy the positivity condition P (a, b|x, y) ≥ 0, and the normalization condition, a,b P (a, b|x, y) = 1. The set of all such correlations P (a, b|x, y) forms a polytope in 12 dimensional vector space. We call this polytope as the correlation polytope. The set of all deterministic correlations, corresponding to causal order A ≺ B and B ≺ A, has to further satisfy the relations (3) and (4) forming a polytope called the one-way signaling polytope [40] . The total number of deterministic vertices in each of the one-way signaling polytopes A ≺ B and B ≺ A is 64 including the common 16 local deterministic vertices. The facets (represented by some inequalities) of the one-way signaling polytope represents the maximally achievable classical bound. Let's call these facet inequalities as oneway signaling inequalities. In general, for two-party twoinput-two-output case, their are two inequivalent sets of inequalities called 'Guess Your Neighbor's Input' (GYNI) and 'Lazy Guess Your Neighbor's Input' (LGYNI) [40] . In this work we are considering only the GYNI inequality, and the set of all 16 GYNI inequalities are given as:
where inputs and outputs are represented as x, y, a, b ∈ {0, 1} and ∀ α 0 , α 1 , β 0 , β 1 ∈ {0, 1}. We have worked with one of these 16 inequalities. We denote the inequality of our interest by J ,
We find that the generalized NOON states of our concern result in maximal violation of this inequality. However, this doesn't allow us to comment on whether they violate the other 15 inequalities or not. Consider, now, the nonlocality scenerio involving two party Alice and Bob with each of the parties having an access to device having two inputs and two outputs. In nonlocality scenario, the correlations has to satisfy the following no-signaling conditions P (a|xy) = P (a|xy ), P (b|xy) = P (b|x y).
The set of correlations satisfying no-signaling conditions (7) forms a no-signaling (NS) polytope in 8 dimensions with 8 nonlocal vertices and 16 local deterministic vertices. The facets of the local polytope is the CHSH inequality. The point of difference between the geometric structure of the correlation polytope and the no-signaling polytope is worth considering. The NS polytope is a subset of the correlation polytope and the dimention of NS polytope is 8 while the dimension of the correlation polytope is 12, thus making them two different geometrical entities. These geometric considerations as well as the different physical scenarios concerning the two-way communication and nonlocality tasks, it is notrivial to compare these two tasks. This is the rationale behind considering the same state as a resource for both the tasks and studying the advantage in both the scenarios.
III. TWO-WAY COMMUNICATION
We now describe the method of using some generalized NOON states for carrying out the task of two-way communication. Although, we focus on generalized NOON states involving even coherent states, in Appendix B we show that generalized NOON states involving single mode squeezed states also violates inequality (6) maximally.
A. Communication protocol
At the outset, it is necessary to elucidate the protocol described in [1] and [2] .
Preparation: Alice and Bob receive an even coherent state prepared in the superposition of their locations, i.e an even-coherent NOON state:
where |α e = N e [|α + |−α ], i.e a Cat state. [32, 33] . Alice receives mode A and Bob receives mode B of the aforementioned state. Here,
The average photon number of the input state (c.f Appendix A) can be tuned to a desirable value, in principle, this can be made as small as possible. Although we have concentrated on even-coherent NOON states, it is to be noted that the protocol remains valid for odd-coherent NOON states as well.
Encoding: Alice and Bob encode their respective inputs as phases on their local states by operating on the polarization degree of freedom. Naturally, this doesn't work when Alice or Bob receive |0 .
Beam splitter operation:
The encoded even-coherent NOON state is made to pass through a 50:50 beam splitter (BS). In the current section, we assume that the beam splitter is lossless. A possible treatment of lossy beam splitters is provided in Section V.
Detection: The output of the BS is detected in the local laboratories of Alice and Bob. The success of the protocol is based on the simultaneous detection within the time window τ of odd or even number of photons at both Alice and Bob's ends. This shall be further elucidated in the subsequent section. In the current section, we assume that the detectors at the two ends are lossless. This assumption is relaxed in Section V.
B. Execution of the protocol a andâ † are single mode annihilation and creation operators satisfying the commutation relation [â,â † ] = 1. |n is an eigen state of number operatorn =ââ † having eigen value n. The annhilation and creation operators action on the number basis can be given aŝ
The set of eigen states |n forms an orthonormal complete set ∞ n=0 |n n| = I. A coherent state |α is an eigen state ofâ with an eigen-value α,â |α = α |α .
In number basis |α e is represented as
Even and odd (∝ (|α ± |α )) coherent states and their respective preparations have been studied extensively. The reader may refer to [41] in order to understand experimental methods of preparing the aforementioned state.
The protocol described in Section III A can be carried out as described below. Let |φ (c.f Eq. (8)) be the state shared by Alice and Bob. Here The first mode is with Alice while second mode is with Bob. We describe the production of the state |φ using a 50:50 beam splitter (BS), assuming that we have the means to produce Cat states at our disposal. Let us define the action of 50:50 BS on input modes aŝ
This action on the input modes can be represented by the following 2×2 unitary matrix.
Consider the action of this BS on |α |0
Similarly we have the following transformation by acting BS,
Thus the action of BS on |φ leads to the following state
By reversible application of BS on N (
) we get
where
Alice and Bob encodes their respective inputs into the phase of polarization degree of freedom of their respective modes resulting |φ = N (x, y)((−1)
x |α e |0 + (−1) y |0 |α e ) which is represented in number basis upon normalization as
The average photon number of this state can be tuned to be quite small in principle, and is approximately
when |α| is small (c.f Appendix A). After encoding their inputs, they send the encoded state to BS. The action of BS on |φ results in the following state
Given inputs x, y ∈ {0, 1} we have,
The output state of the BS is directed to Alice and Bob's labs for detection. In our protocol the measurement outcome a, b ∈ {0, 1} is associated with photon number parity resolving detectors:
The outputs a, b = 0 correspond to detection of photon number with even parity at both Alice and Bob's lab. Similarly the outputs a, b = 1 correspond to detection of photon number with odd parity at both Alice and Bob's lab. It is clear from Eq. (18) and Eq. (19) , that P (00|00) = P (11|01) = P (11|10) = P (00|11) = 1. The outcomes a, b satisfy the functional relation a = x⊕y and b = x ⊕ y with x, y being the inputs, thus facilitating Alice and Bob to deterministically predict the input of the other party, consequently furnishing a maximal violation of Inequality (6) . The very same protocol can be used to show that the state N [|α |0 + |0 |α ] doesn't furnish any violation of inequality (6) by noting that this state, on passing through the BS is separable ( c.f. Equations (12) and (13)).
IV. NON-LOCALITY
Consider a two party scenario in which both Alice and Bob have two choice of dichotomic measurements M A 0/1 and M B 0/1 , with ±1 outcome respectively. The correlations that satisfy the local realistic condition is bounded by Bell-type inequality given as [42, 43] 
Here u, v ∈ {0, 1} 2 and ξ(v) = M 
V. LOSSY APPARATUS
We now describe some models of loss in the devices used in the protocol. The model of the lossy beam splitter described below is quite specific. There exist other models of lossy beam splitters.
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) The state N [|α |0 + |0 |α ], i.e a coherent NOON state, shows no violation of inequality (21) irrespective of φ k . Here r = 0.1 and |α| = 0.1. It can be verified that this holds true for all values of r and |α|.
A. Lossy beam splitters
It is widely known [44, 45] that the unitary action of the lossless beam splitter on the input modes at frequency ω can be summarised as follows.
whereâ i (ω) andb i (ω) are the continuum annihilation operators of the input and output modes respectively. Here
is a 2 × 2 unitary matrix satisfying |t(ω)| 2 + |r(ω)| 2 = 1 and t(ω)r * (ω) + r(ω)t * (ω) = 0. In presence of losses in the system this unitarity doesn't hold and |t(ω)| 2 + |r(ω)| 2 ≤ 1, with the equality holding in the lossless case only. Hence in lossy systems the reflectivity and the transmitivity do not add up to unity [45] .
The imaginary part the dielectric permittivity of matter contributes to the losses in the system. The dielectric permittivity can be considered to be approximately real if the losses in the chosen frequency interval are sufficiently small. In that case, the input-output relations of the beam splitter correspond to unitary transformations between input-and output-mode operators, as described previously. However, when the effects of absorption of radiation and consequent loss are taken into account, the relations between the input and output mode operators are no longer unitary. The sources of noise must be taken into account so as to preserve the canonical commutation relations for the outgoing fields. A Kramers-Kronig consistent quantization scheme of the electromagnetic field in dispersive and absorbing inhomogeneous media has been provided in ref. [46] . This work, has in turn been used to derive the unitary transformation that relates the output quantum state to the input quantum state by Knöll et. al [47] . For the sake of completeness, we shall briefly describe this formalism. The idea is to define a U(4) matrix such that it transforms four input modes, two of the incoming field and two of the device, to four output modes, of which two are of the outgoing field and the other two are of the device. This approach thus allows for mode and energy conservation of the entire system whose constituents are the field and the device. Let us define the four dimensional input and output vector operators.α
Hereâ j (ω) (j ∈ {1, 2}) are the amplitude operators of the incoming damped wave at frequency ω,ĝ j (ω) describe device excitations by playing the role of the noise operators. Similarly, we may write down the four-dimensional output vector operator as follows.
Hereb j (ω) andĥ j (ω) (j ∈ {1, 2}) are the corresponding output mode operators of the outgoing damped wave and the device, respectively, at frequency ω. Now we relatê β(ω) andα(ω) to each other aŝ
where Λ(ω) ∈ U(4), is given as follows.
where the matrices T(ω) and A(ω) are 2×2 matrices that represent the transmission and absorption respectively. They satisfy the following relation.
It must also be noted that C(ω) and S(ω) in equation (28) , are commuting positive Hermitian matrices given by the following equations:
The effects of absorption on the output field modes can be summarized by the following equation. Evidently, the dependence on the input device modes arise due to the presence of absorption.
whereb(ω),â(ω), andĝ(ω) are column vectors of the output field operators, the input field operators, and the input device operators respectively. For our purpose of describing a 50:50 lossy beam splitter, we have chosen T and A to be frequency independent and of the following form.
where η ∈ [0, 1]. The reader is requested to refer to Appendix D for the form of Λ used in our calculations. Let us now write the four mode initial state by considering the modes of the device to be vacuum.
On passing through the lossy beam splitter, the following output state is obtained.
where A(x, y, α) = e −|α| 2 2 1+(−1) x+y e −|α| 2 . Thus, on tracing over the device modes ofρ out = φ out φ out (c.f. Appendix D) and on performing the projective measurements described in Eq. (20), we obtain the probabilities P (00|00) = P (00|11) and P (11|01) = P (11|10). It is to be noted that the detectors at both ends are assumed to be ideal and hence projective measurements are performed. If this assumption is relaxed, finding the corresponding probabilities may become all the more cumbersome. Thus, by this method, the left hand side of the GYNI inequality (6) can be obtained as a function of η. In order to draw a comparison between the effect of the lossy beam splitter (assuming the aforementioned model) on the state |ψ =
, has been studied. The measurements used in this case are consistent with ref. [1, 2] , i.e, the existence of a single photon at Alice or Bob's end, after the completion of the protocol. It tuns out that the LHS of the GYNI inequality (6) is given by η in this case. These results are summarized in Fig (3) . a. Alternate description of loss Off late, a development [48] proposes methods to realize arbitrary linear transformations allowing for both loss and gain. A lossy beam splitter, though no longer a unitary operation, is certainly a linear transformation. The input and output modes can be augmented with ancilla modes (device modes) and singular value decomposition of the full network can be performed which allows each component to be further decomposed into a series of elementary operations. Fig. (4) represents the results of the following steps pictorially.
It can be verified that the four-mode output is identical to that which results from the action of Eq. (D6) on the four-mode input. Thus, the alternate description can also be used to describe the mixing between the input modes of the field and those of the device and results precisely in the aforementioned model.
FIG. 3. (Colour online)
The blue plane marks the classical bound of the GYNI inequality. The green plane in the plane that gives the LHS of the GYNI inequality J for the single photon state. The surface in yellow is the GYNI inequality given by the even-coherent NOON state, plotted as a function of η and |α| 2 . It is to be noted that the yellow curve shows violation of the GYNI inequality for quantum efficiency η, of the beam splitter, less than 0.5 and small values of |α| 2 and hence of the average photon number.
B. Loss at the detection end
At the detection end, in the absence of loss, it suffices to study the output using projectors on the even and the odd subspace, as given in Eq. (20) . However, in the presence of loss, projective measurements have to be replaced by POVMs, taking the factors that contribute to the loss into consideration. A model for photon detection with loss and saturation has been given in ref. [49] . Suppose a detector can resolve upto N photons, this detector can then be modelled by a positive operator-valued measure (POVM) with N + 1 outcomes: {Π 0 , Π 1 , ..., Π N }, satisfying completeness, N i=0 Π i = I, and positivity, Π i ≥ 0, for all i = 0, ..., N . For a perfect detector with no loss (unit quantum efficiency κ) and no saturation, {Π i = |i i| , i = 1, 2, ...}. Let us define the m-th POVM effect of a lossy detector with quantum efficiency κ is
with
for m = 0, 1, 2.... Note in Eq. (38) that when m photons arrive at the detector, there exists a non-zero probability, if κ is not unity, for the detector to count more than m photons. Thus, Π 0 = ∞ n=0 (1 − η) n |n n|. This implies that even in the absence of incoming photons, an inefficient detector might detect some photons. This precisely is what the term 'dark count' refers to. The effect of saturation prevents the detector from resolving between N and N + 1 or more photons. Thus we have for the N -th outcome
When N = 1, this POVM reduces to {Π 0 , Π 1 }, where
Recall that for the even-coherent NOON state, the measurements defined in Eq. (20) have been course grained from all possible outcomes of lossless, photon number resolving detectors. We use a similar approach to group the aforementioned effects into two broad effects, which in the limit of κ going to 1 and N going to infinity, would reduce to Eq. (20) . We do this in two case: when the saturation is even and when the saturation is odd.
We define the following POVM for our state:
Thus, our POVM is {Π
The corresponding GYNI inequality and its violation can then be studied in terms of functions of |α| 2 , N , and κ. In order to compare with the effect of lossy detector on the single photon entangled state, we use the POVM : The structure of the POVM in this case follows almost immediately from the previous one:
The POVM is {Π
The corresponding GYNI inequality and its violation can, once again, be studied in terms of functions of |α| 2 , N , and κ. In order to compare the effect of the lossy detector with odd saturation on the single-photon entangled state with that on the even-coherent NOON state, we can quite simply define the POVM to be {Π 0 , Π 1 }, where Π 1 = I −Π 0 . Using this POVM on the single-photon state the left hand side of the GYNI inequality is once again found to be κ. The results are summarized in Fig. 5 . It is to be noted that the violation of the GYNI inequality furnished by the even-coherent NOON state persists when the efficiency κ is close to unity, even if the saturation number is small.
VI. CONCLUSION
Understanding the relation between an optical nonclassicality and information theoretic tasks is an important way of revealing the non-classical nature of these states, and this greatly enhances our understanding of the quantum world that differs from that of classical. In this work we have used the concept of generalized NOON states, a single mode non-classical state embedded in two mode entangled state, and use it to show the maximal advantage in case of two way communication and that it gives rise to Bell-inequality violation. These two tasks are fundamentally different in the implementation form as well as in its polytopic characterization resisting to compare these two tasks. By using the same state in both the tasks reveals underpinning nature of single mode non-classicality which is responsible for the advantage of these two tasks. Perfection is too impossible to reach in an experimental scenarios. We show that the twoway communication task using the even-coherent NOON state under noisy beam splitter can outperform (in the regime of low average photon number and low efficiency) the usage of single photon two mode entangled state. In case of the application of the the lossy detector, the results in both states are comparable (maximal violation) when the efficiency is close to unity and saturation and the average photon number of the even-coherent NOON state are high. The fact that the even-coherent NOON state, in the regime of high quantum efficiency, ends up exhibiting some violation (not maximal) even when its average photon number is low, irrespective of the saturation number, is noteworthy.
We would now like to direct the reader's attention to some open questions. We have investigated the performance of even-coherent NOON state under noisy BS and noisy detectors separately. Taking into account the presence of noise at each step simultaneously is likely to put the existing models of loss to test and may provide a better comparison between generalized NOON state and the single photon two mode entangled state. The quantitative relation between non-classicality measures and performance in the two-way communication task would enhance our understanding of the relation between the non-classicality and an information theoretic tasks. In our work we have used two single mode non-classical states namely even coherent states and squeezed states. This prompts us to ask whether it is possible to obtain a similar advantage using other non-classical states. Since single mode squeezed states supply an advantage in twoway communication, any single mode non-classical pure Gaussian state is likely to supply a similar advantage. We expect non-Gaussian states to behave the same way.
Recent progress in single electron sources [50] [51] [52] , and an experimental demonstration of single electron entanglement and non-locality [53] motivate to ask of the possibility of extending the questions addressed in our work to two-or multi-way communication using entangled states of single massive particles.
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on the vacuum state |0 , where ξ = re iθ , r is the squeezing parameter such that 0 ≤ r < ∞ and 0 ≤ θ ≤ 2π. The squeezed vacuum state in terms of photon number state is expressed as follows:
(B2) The important point to specify here is that the average photon number of squeezed vacuum state is N ξsq ≡ ξ sq |a † a|ξ sq = (sinh r) 2 . Thus, although we are using the squeezed state, the average photon number can, in principle, be made comparable to lowered below 1.
Let us now apply the protocol given in Section (III A) to the squeezed vacuum NOON state |ψ = 1 √ N (ξ) (|ξ sq |0 + |0 |ξ sq ), where N (ξ) is the normalization factor. After encoding the information of the inputs, as explained in the Section (III B), the state will be
where N xy (ξ) is the modified normalization factor (input dependent). Alternately, it may be expressed in the number basis as 
Acting the BS on the state (B4) and for given inputs x, y ∈ {0, 1}, the output states can be given as By using the measurements given in Eq. (20) and from Eq. (B6) the associated correlations take values as P (00|00) = P (11|01) = P (11|10) = P (00|11) = 1 and violates GYNI maximally.
Appendix C: Bell correlators
As mentioned in Section IV, the Bell correlators found by performing displacement measurements on the state |φ (Eq: (15)). Let us now illustrate the formalism discussed in Section V A, by considering transformation of the four mode Fock state under the action of the lossy beam splitter. An interested reader is requested to refer to section IV of [47] for further details. Let
with |ψ in = |n 1 , n 2 , n 3 , n 4 =
be the density operator of the system in the case when n 1 and n 2 quanta are the field mode excitations and n 3 and n 4 quanta are device mode excitations. From the application of Eq. (28) onρ in , we obtain
The term in brackets raised to the exponent n ν can be expanded using multinomial expansion. The density operator of the outgoing field modes is then obtained by tracing out over the device modes.
Based on our choices of T and A (Eqs. 33, 34), the following is the form of Λ used in our calculations.
